The spermatozoal ultrastructure was investigated in male penaeid shrimp Artemesia longinaris from Mar del Plata (Buenos Aires Province, Argentina) fishing grounds. The spermatozoon of A. longinaris is a typical dendrobranchiate sperm, basically consisting of a subspheroidal main body and a long spike. The complex acrosomal structure is comprised of the acrosomal vesicle, formed by the acrosomal cap and spike, and the subacrosomal substance. A central, rounded protuberance arises from the concave side of the cap opposite the spike. As inferred from longitudinal and transverse sections, the spike is filled with densely packed longitudinal filaments, which are coiled and form a loose helix. The occurrence of an apomorphic protuberance at the base of the acrosomal cap in A. longinaris, Parapenaeus longirostris, and Penaeopsis serrata justifies the grouping of these three genera into the tribe Parapeneini. The filamentous inner structure of the spike appears to indicate a closer proximity between A. longinaris and P. serrata than between either of them and Parapenaeus longirostris.
In recent years, a growing number of studies devoted to spermiocladistics and spermiotaxonomy-the application of the sperm ultrastructure to phylogeny and taxonomy-incorporate analysis of sperm morphology into traditional crustacean taxonomy (Jamieson, 1991; Medina, 1995a; Jamieson and Tudge, 2000) . The widely varying morphologies of decapod sperm have been classified into two main categories according to different patterns of organization. The unistellate spermatozoon, typical of the suborder Dendrobranchiata and the pleocyemate infraorder Caridea, exhibits a single appendage or spike, which is an extension of the acrosomal structure. The multistellate sperm of noncaridean pleocyemate decapods shows several appendages or arms of nuclear or cytoplasmic origin; the acrosome lacks a spike (Medina, 1994) . Within the Dendrobranchiata, the penaeid spermatozoa have been the most extensively studied in terms of the number of species examined (Jamieson, 1991; Medina, 1995a; Jamieson and Tudge, 2000) . In gross morphology, the penaeid spermatozoon basically consists of a rounded or ovoid main body and a spike. The main body comprises the central nuclear region, a peripheral cytoplasmic band, and the acrosomal cap, which overlies the nuclear region anteriorly and extends into the spike. Both spike and acrosomal cap make up a membrane-bound acrosomal vesicle of heterogeneous content that is directly invested by the plasma membrane. In particular, the spike morphology and substructure vary markedly from species to species. The acrosomal vesicle is continuous with the subacrosomal region, which is quite simple in this family, merely containing a sparse flocculent material between the chromatin and acrosomal cap (Medina, 1995a) .
According to Burkenroad (1983) , the tribe Parapeneini within the family Penaeidae includes species of four genera: Parapenaeus, Penaeopsis, Metapenaeopsis, and Artemesia. Of them, sperm ultrastructure has been investigated in Parapenaeus longirostris Lucas, 1846 (Medina, 1994 and Penaeopsis serrata Bate, 1881 (Medina et al., 1994) . Aside from a number of general ultrastructural characters typical of the spermatozoal morphology of the family, a feature shared by these two species is the presence of a central protuberance at the inner surface of the acrosomal cap, located immediately opposite the spike. This character has been believed to represent a synapomorphy that is consistent with the close phylogenetic proximity of the species (Medina, 1995a) .
The penaeid shrimp Artemesia longinaris Bate, 1888, is a commercial species endemic to the southwestern Atlantic Ocean that occurs from south of Brazil through Uruguay to Argentina. Along with A. longinaris two other dendrobranchiates are found in coastal waters off Argentina: the red shrimp Pleoticus muelleri (Bate, 1888) (Solenoceridae) and the sergestid Peisos petrunkevitchi Burkenroad, 1945 (Sergestidae) (Boschi et al., 1992) . These three species share similar habits of reproduction including larval development and specific morphology of larval stages (Boschi and Scelzo, 1969) . Artemesia longinaris is the second most important commercial penaeid shrimp of the Argentinian marine waters with annual catches around 100-200 tons. As is common in littoral organisms living in temperate waters, the species has a long reproductive cycle, including the warmest months of the year (Christiansen and Scelzo, 1971) . Owing to the potential importance in aquaculture, several aspects of its reproduction in captivity have been studied, especially the effects of ocular ablation, temperature, and photoperiod on ovarian maturation and spawning (Scelzo, 1989 (Scelzo, , 1990 (Scelzo, , 1991a (Scelzo, , b, 1996 Scelzo and Berón, 1990; Scelzo and Giangiobbe, 1994) , and the morphology of the male reproductive system (Scelzo, 1994) . The seminal receptacles of the females consist of paired pyriform sacs associated with the thelycum and invaginated into the cephalothoracic cavity (Christiansen and Scelzo, 1971; Scelzo, 1991a; Pérez Farfante and Kensley, 1997) . The objective of this research was to describe the sperm ultrastructure of A. longinaris with a view to improving our understanding of the phyletic relationships in Dendrobranchiata.
MATERIALS AND METHODS
Shrimp samples from Mar del Plata (Buenos Aires Province, Argentina) fishing grounds were taken from November through February 2002 at depths between 5 and 10 meters. For the ultrastructural studies, adult individuals were transported alive to the laboratory in the Universidad Nacional de Mar del Plata (UNMdP), Argentina. Small fragments of testes, vasa deferentia, and ejaculatory ducts were fixed for 3-4 h in 3% glutaraldehyde in 0.2 M phosphate buffer (pH 7.2) containing 1-3 % sucrose. After three 15-min washes in phosphate buffer, the samples were postfixed for 80 min in 1% osmium tetroxide in phosphate buffer, washed in buffer, and then processed for scanning (SEM) and transmission (TEM) electron microscopy. Fragments of the terminal ampulla destined for SEM were dehydrated in an ascending series of acetones, critical-point dried, sputter-coated with gold, and examined in a Jeol JSM 820 electron microscope. For TEM, samples of the reproductive system were dehydrated through an ascending series of alcohols (ethanol) 50-100% and embedded in Spurr's epoxy resin. Thin sections (80 nm) stained with uranyl acetate and lead citrate were examined in a Jeol 1200 EX transmission electron microscope operated at 80 kV.
RESULTS
Similar to those of other penaeids, the spermatozoon of Artemesia longinaris consists basically of a spheroidal main body that projects anteriorly into a prominent spike (Fig. 1A) . The spike is usually straight (Fig. 1B, C) , but sometimes appears irregular or bent (Fig. 1A) . The main body includes the acrosomal cap, nuclear region, and cytoplasmic band (Fig. 1B,  C) . From SEM micrographs, the mean total length measured for the spermatozoon was 6.0 lm (range: 5.7-6.7 lm, n ¼ 7), and the mean width of the main body was 3.4 lm (range 3.2-3.8 lm, n ¼ 8). The spike averaged 2.5 lm in length (range: 2.4-2.6 lm, n ¼ 7).
The acrosomal structure is complex, consisting of the membrane-bound acrosomal vesicle and the subacrosomal substance. The acrosomal vesicle is made up of two distinct elements surrounded by a continuous membrane: the acrosomal cap, which overlies the anterior surface of the sperm cell, and the spike, which projects forward (Fig. 1B, C) . Over the outer surface of the acrosomal vesicle, the sperm plasma membrane and the acrosomal membrane are closely joined, so that both the spike and the convex side of the acrosomal cap are surrounded by a double membrane (Fig. 1D) . Beneath the inner surface of the acrosomal vesicle is a homogeneous, electron-lucent subacrosomal substance separating the acrosome from the nuclear region (Fig. 1B-D) . The acrosomal cap is concave at its inner side and shows a rounded protuberance bulging from its central surface (Fig. 1B, C, H) . Around the central protuberance, the acrosomal membrane invaginates to form a circular indentation (Fig. 1B-D, H) under which the subacrosomal substance is more electron-dense (Fig. 1C, D) .
The content of the acrosomal vesicle is heterogeneous (Fig. 1B, C) . The acrosomal cap includes two regions. At the periphery, it shows a reticulate appearance, which is due to the presence of a coarse granulation embedded in a more electron-lucent matrix (Fig. 1B-D, H, I ). At the center of the cap, a homogeneous material forms a spheroidal core, which is surrounded anterolaterally by a layer of a denser material, and rests upon a fairly electron-dense condensation apposed to the acrosomal membrane at the base of the central protuberance (Fig. 1B,  C) . Internally, the spike shows a filamentous structure that starts at the anterior surface of the central core in the acrosomal cap. This structure results from the organization of the spike materials into a bundle of filaments that are coiled in a loose helix (Fig. 1E-G) .
The central region of the sperm main body is occupied by the nucleoplasm, which is not surrounded by membranes. The chromatin forms a network of thin filaments and granules (Fig. 1D, I ) and is outlined posterolaterally by the cytoplasmic band, which extends up to the edge of the acrosomal cap (Fig. 1B-D, I ). The cytoplasm includes membranous inclusions, which are presumably mitochondrial derivatives (Fig. 1C, I ), small spherical vesicles underlying the plasma membrane (Fig. 1D, I ), and highly osmiophilic membrane lamellae (Fig. 1D, I ). DISCUSSION The spermatozoal ultrastructure of Artemesia longinaris conforms to the ground plan of the unistellate sperm present in most dendrobranchiates. This sperm type, which is the one occurring in the Penaeidae, Sicyoniidae, and Solenoceridae (Medina, 1995a; Jamieson and Tudge, 2000) , is characterized by a conspicuous, elongate prolongation of the acrosomal vesicle (referred to as the spike), as opposed to the spikeless spermatozoa found in representatives of the families Aristeidae and Sergestidae, which comprise sperm forms with acrosomal structure (e.g., the aristeid Aristeus antennatus and the sergestid Peisos petrunkevitchi) or devoid of it (e.g., the aristeid Aristaeomorpha foliacea and the sergestid Sergestes arcticus) (Medina, 1995a, b ; Scelzo and Medina, unpublished observations on P. petrunkevitchi). Artemesia longinaris sperm share with the other spiked-sperm penaeoids several presumed plesiomorphic features, such as the non-membrane-bound filamentous chromatin located in the center of the main sperm body, the perinuclear arrangement of the cytoplasmic mass, and the absence of centrioles and radial arms (Medina, 1995a) . More specific characters are the existence of a central protuberance at the concave side of the acrosomal cap under the spike, and the arrangement of the spike contents in a helical bundle of filaments. Burkenroad (1983) grouped together the penaeid genera Parapenaeus, Penaeopsis, Artemesia, and Metapenaeopsis into the tribe Parapeneini. In support of close interrelationships among these genera was the finding of an apomorphic central protuberance at the base of the acrosomal cap in Parapenaeus longirostris (see Medina, 1994) and Penaeopsis serrata (see Medina et al., 1994) . Confirmation in the present study of a well-defined central protuberance in A. longinaris strongly suggests the validity of the tribe Parapeneini as a phylogenetically congruent taxon, as argued earlier by Medina (1995a) . Aside from this particular feature and those general to the family Penaeidae, the spermatozoa of A. longinaris and P. serrata share a number of ultrastructural characteristics. Both show a peculiar spike with filamentous inner structure, and a quite similar organization of the elements of the acrosomal cap and cytoplasm (for comparison, see Medina et al., 1994, figs. 1, 3) . All these marked resemblances suggest that A. longinaris is closer to P. serrata than it is to P. longirostris, whose sperm differs from those of the former species in several respects, such as the overall shape, the more robust and nonfilamentous spike, the dissimilar configuration of the acrosomal cap (including a more flattened central protuberance), and the presence of intranuclear lipid inclusions (for comparison, see Medina 1994, fig. 1F ). The sperm of A. longinaris and P. longirostris are similar in having a dense layer at the base of the central protuberance that is thought to be absent in P. serrata. To gain a deeper insight into the dendrobranchiate sperm ultrastructure and phylogeny, an investigation of the sperm ultrastructure in other members of the tribe Parapeneini, especially species from the southwestern Atlantic (Parapenaeus americanus) and the Pacific and Indian Oceans (Metapenaeus spp), would be of great interest.
The seminal receptacles of female A. longinaris consist of paired pyriform sacs (Scelzo, 1991a; Pérez Farfante and Kensley, 1997) . In P. longirostris and P. serrata, the seminal receptacles consist of a pair of sacs arranged longitudinally or obliquely, and in Metapenaeus affinis and M. ensis, they consist of paired pyriform sacs that are rigid posteriorly and membranous anteriorly (Pérez Farfante and Fig. 1 . Scanning (A) and transmission (B-I) electron micrographs of Artemesia longinaris spermatozoa from the ampulla. B-E, longitudinal sections showing the entire spermatozoon structure: (B, C) (arrows, condensation of the subacrosomal substance; arrowheads, condensation of the acrosomal content at the base of the central protuberance), and details of the main body (D) and spike (E) (note the helical arrangement of the inner filaments). F-I, transverse and oblique sections at various levels of the sperm cell: F and G, apical and basal regions of the spike; H, acrosomal cap at the level of the central protuberance; I, main body sectioned at an angle that shows part of the acrosomal cap, nuclear region and cytoplasmic band. ac, acrosomal cap; cp, central protuberance of the acrosomal vesicle; cy, cytoplasmic band; m, mitochondrial derivatives; N, nuclear region; s, spike; sc, spheroidal core of the acrosomal cap; ss, subacrosomal substance. Kensley, 1997) . As in Sicyonia species (Bauer, 1991) , the spermatophore of A. longinaris is simply an emitted ribbon of a continuous supply of material in the male tract (Scelzo, 1991a) , and possibly males can mate several times successively. Those simple sperm masses in paired internally invaginated seminal receptacles, behind closed thelyca (Christiansen and Scelzo, 1971; Scelzo, 1991a; Pérez Farfante and Kensley, 1997) , are the derived state as opposed to the primitive condition represented by external complex spermatophores attached to open thelyca (Bauer, 1991) .
